Recent studies on the mode of action of hydroxyurea have led to the realization that the action of this drug on bacteria could be divided into two phases: (i) an immediate and reversible inhibition of deoxyribonucleic acid (DNA) synthesis and (ii) a delayed effect characterized by cellular death and modification of the cellular DNA (8, 11, 14, 16) . This secondary action of hydroxyurea was shown to be dependent on energy metabolism (11) . In vitro studies have indicated that, whereas fresh solutions of hydroxyurea were without effect on purified DNA, aged hydroxyurea solutions were capable of causing alterations of the DNA structure (15; S. J. Jacobs, Ph.D. Dissertation, Columbia University, 1968). Such aged hydroxyurea preparations have been shown to contain isohydroxyurea, H2N-C(=O)-ONH2 (17) , N-carbamoyloxyurea,
H2N-C(=O)-N(-H)-O-
C(-O)-NH2 (Jacobs and Rosenkranz, in press), and an unidentified nitrosourea (9, 17) . Recent studies (9; Jacobs and Rosenkranz, in press) indicated that the in vitro degradation of DNA by aged hydroxyurea preparations was caused by carbamoyloxyurea, an oxidation product of hydroxyurea (1, 6, 7) .
The present report is concerned with the effects of carbamoyloxyurea on Escherichia coli, and the possibility that the delayed effect of hydroxyurea could be caused by carbamoyloxyurea.
MATERIALS AND METHODS
Bacterial strains and media. The properties of E. coli C600, the hydroxyurea-resistant mutant E. coli C600/HU, the isohydroxyurea-resistant mutant E. coli C600/isoHU, and the composition of the liquid medium HA, have been described (12, 13, 18) .
For determining the number of viable bacteria, serial dilutions (0.1 ml) of cell cultures were plated on Columbia-base agar (3).
Metabolic techniques: All the techniques used in this study have been described previously (14, 16) . Whenever radioactive thymidine was used, the medium was supplemented with uridine (366 jug/ml) to inhibit and repress thymidine phosphorylase (2 RESULTS AND DISCUSSION Exposure of bacteria to carbamoyloxyurea levels in excess of 0.005 molar resulted in cellular death and an inhibition of the increase in turbidity of treated cultures (Fig. 1) . Hydroxyurea, on the other hand, is primarily bacteriostatic and allows increases in turbidity to occur, i.e., it induces unbalanced growth (14, 15) . In further contrast to the effects of hydroxyurea which selectively blocks DNA synthesis, carbamoyloxyurea affects ribonucleic acid (RNA) and protein production primarily (Fig. 2) . The bactericidal action of carbamoyloxyurea was not prevented by inhibitors of RNA [azauracil (5)], protein [chloramphenicol (4)], and DNA [hydroxyurea (14) ] synthesis, or by sodium azide, which inhibits oxidative phosphorylation (Table  1) . Conversely, the experimental results revealed that these blocking agents actually increased the lethal effect of carbamoyloxyurea. This is in hibitors on the bactericidal action of hydroxyurea (11) . Exposure of cells to bactericidal levels of the drug resulted in partial degradation of the cellular DNA to acid-soluble products. This was not accompanied either by a parallel depolymerization of the bacterial RNA or by lysis of the cells. The solubilization of the DNA was prevented by sodium azide (Table 2) . It is of interest that the delay (5 hr) which preceded this depolymerization was identical to the one which preceded cellular death. Preincubation of the drug for 5 hr did not shorten this lag.
Although cells resistant to hydroxyurea and isohydroxyurea showed some cross-resistance to Effect of carbamoyloxyurea on the macromolecular metabolism of E. coli C600. Bacteria in medium HA were brought to the exponential-growth phase (approximately 1.5 X 108 cells/ml). Portions of the cultures were then distributed into flasks containing premeasured amounts of carbamoyloxyurea and of the radioactive precursor: 3H-thymidine (7.4 X 10-6 J 0.5 Mc/ml) and non-labeled uridine (366 ug/ml) for DNA, uridine-5-3H (2.0 X 10-4 m, 2.4 uc/mI) for RNA and 3H-lysine (8.9 X 10-5 M, 0.87 sc/ml) for proteins. The cultures were incubated with aeration for 0.5 hr, and then duplicate 1-ml portions were removed from each culture for the determination of radioactivity incorporated into acid-insoluble form. The samples containing 3H-thymidine and 3H-lysine were digested with alkali and hot (90 C) acid, respectively (17) . The a Bacteria in medium HA were brought to exponential-growth phase [E. coli C600, the parent strain, 2.7 X 108; E. coli C600/HU, the hydroxyurea-resistant strain, 2.2 X 108; E. coli C600/ isoHU, the isohydroxyurea-resistant strain, 1.7 X 10']. The bacteria were then distributed into flasks containing premeasured amounts of carbamoyloxyurea. Viable bacteria were enumerated at intervals. aBacteria (E. coli C600) were brought to exponential growth phase in medium HA containing either '4C-thymidine and 366 Ag of uridine/ml (Experiment I) or 2 X 10-i M 3H-uridine (experiment II). When a bacterial density of approximately 1 X 108/ml was reached, the cells were washed, resuspended in the original volume of fresh prewarmed medium HA, and incubated for 30 min. Portions of the culture were then distributed into flasks containing premeasured amounts of COU and NaN3. At intervals, quadruplicate 1.0-ml samples were removed for the determination of radioactivity retained.
droxyurea and isohydroxyurea; the nature of this relationship and the function of carbamoyloxyurea in the previously proposed (17, 18) scheme remain to be established.
